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ABSTRACT 



This paper presents recent developments in provision of 
support tools for change management and explains how they have been 
effectively used for teaching students about information technology 
(IT) -enabled change management in the core IT classes at MIT (Massachusetts 
Institute of Technology) and Stanford University (California) . It also 
describes new software for use in both the teaching and practice of business 
process reengineering. The software was developed using the Visual Basic 
programming language and executable versions will be available for delivery 
over the World Wide Web for classroom use. The core of the new teaching 
sequence is a new tool, the Matrix of Change, which helps to characterize 
such change management features as the feasibility of proposed changes, the 
preferred speed of execution, and the best sequence of changes. It works by 
identifying complementary and interfering work practices. Figures include a 
Matrix of Change analysis and screen shots from the Matrix of Change 
software. ( AEF) 
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One of the key advantages of information 
technology is its ability to support new 
organizational forms. The task of shifting between 
old and new forms, however, can be a difficult, time 
consuming, and haphazard process (Davenport, 
1993, Davenport and Stoddard, 1994; Hammer, 
1990). Interactions among various work practices 
can lead to numerous unanticipated side effects as 
mangers alter individual practices without 
considering whole systems of work. In particular, 
the importance of complementarities among 
different practices has been formalized 
mathematically in the economic literature 
(Milgrom and Roberts, 1990). However, practicing 
managers and students have had difficult in 
applying these insights. 

This talk will present recent developments in 
providing support tools for change management 
and explain how they have been effectively used for 
teaching students about IT-enabled change 
management in the core IT classes at MIT and 
Stanford. It will also demonstrate new software for 
use in both the teaching and practice of business 
process reengineering. The software has been 
developed using the Visual Basic programming 
language and executable versions will be available 
for delivery over the Worldwide Web for classroom 
use (see http://ccs.mit.edu/ MoC). 



The core of the new teaching sequence is a new 
tool, the Matrix of Change, which helps to 
characterize such change management features 
as the feasibility of proposed changes, the 
preferred speed of execution, and the best 
sequence of changes. It works by identifying 
complementary and interfering work practices. 
Complementary practices reinforce one another. 
Doing more of one complement increases returns 
to another. Narrow job functions, for example, 
increase a firm's ability to offer piece rate pay so 
these practices are complementary. In contrast, 
interfering practices work at cross-purposes. A 
flatter managerial hierarchy, for example, shifts 
more strategic decisions to workers, decreasing a 
firm's ability to offer piece rate pay. 

The experience of a large consumer products 
company provides an instructive example. Top 
management sought to use IT to drive a 
revolution in its manufacturing processes and 
they understood well that simply introducing IT 
was not enough to get the results they required. 
Accordingly, they specified a detailed plan for 
changed business practices in several areas 
including supplier relations, product variety, 
inventory policy, job responsibilities, 
management systems and incentives. After an 
investment of millions of dollars in highly 
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flexible, computerized equipment, the firm was 
surprised to find that its productivity actually fell 
while it made no real gains in flexibility or 
responsiveness. 

What went wrong? Close examination of the way 
workers were actually using the equipment 
revealed that they had only made surface level 
changes in their factories business processes. 
Many of the employees had several decades of 
deeply rooted experience with the old technology 
and systems and they found it all too easy to slip 
into their old routines. 

For instance, with the old equipment, 
productivity depended critically on minimizing 



time-consuming change-overs from one product 
line to another and large work-in-process 
inventories were routinely built up to minimize 
stock-outs. With the new equipment, however, 
change-overs could be done in a matter of 
minutes and the management plan called for 
squeezing out inventories. Nonetheless, a lot of 
well-meaning factory workers continued to avoid 
change-overs since they "knew”, or thought they 
knew, that always keeping the production fine 
humming was the key to higher productivity. 
Ironically, with a little tinkering, they found that 
the new equipment was so flexible that it could be 
used just like the old machines! This may have 
made it easy to avoid changing their tried and 
true work habits, but the net result was that none 



FIGURE 1 



A MATRIX OF CHANGE ANALYSIS 
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of the anticipated improvements in flexibility, 
responsiveness or inventories were realized. 

The basic problem with many business process 
redesign efforts is that the various components of 
the new system interact with each other. As a 
result, they often cannot be implemented in 
isolation. The accompanying diagram (figure 1) 
illustrates a few of the interactions at the 
consumer products company described above. In 
the figure, a representative set of existing 
practices for a more traditional hierarchy is 
shown juxtaposed against a representative set of 
target practices for a more modern 
manufacturing plant. The results are summaries 
of data administered as a survey to a group 
consisting of managers, engineers, and plant 
workers. 

Plus signs indicate complementary practices and 
minus signs indicate interfering practices. In this 
example, under existing practices, designated 
equipment complements narrow job functions 
hence the ”+” sign where these two practices 
overlap at the left of the diagram. However, it 
interferes with the target practice of providing 
workers with greater responsibility, as indicated 
by the signs in the central matrix. A set of 
importance ratings also helps to indicate the 
relative value contributed by various practices as 
seen by respondents to the survey. 

While this simple set of interactions is relatively 
easy to see, most IT-enabled process redesign 
projects involve a far larger number of interacting 
practices. For instance, really changing 
inventory policy requires more than a decree from 
above. It requires new incentives (the old piece 
rate system encouraged building up inventories) 
and new training. In fact, at the consumer 
product company, about two dozen distinct 
practices were involved in both the old work 
system and the new work system. IT directly 
changed only one of them, but indirectly, it 
required a much more complex collection of 
supporting changes. 

This story had a happy ending. By increasing the 
level of communication among all the affected 
parties, the importance of aligning business 
practice with the new technology was better 
understood. Within two years, performance 



increased significantly at the firms’ factories. 
The team implementing the changes found that 
many of the complicated interactions among 
practices could be visualized with the aid of an 
expanded version of the diagram above and some 
related tools. A more detailed description of this 
case and the change management tools that were 
used there was published earlier this year 
(Brynjolfsson, Renshaw and Van Alstyne, 1997). 

The matrix is useful for answering several types 
of change management questions, including 
stability, pace, sequence, and transition 
difficulty. It suggests, for example, that the set of 
target practices is less stable than the set of 
existing practices since it contains interfering 
practices and many fewer complementary 
practices. Pace and sequence may be governed by 
the ability to identify blocks of complementary 
practices and remove them simultaneously. A 
block represents a cluster of thickly 
complementary practices. Given multiple blocks, 
the pace of change within a block should be rapid 
while the pace of change between blocks may be 
slow. The central matrix also shows how practices 
interfere so that target practices may be 
substituted for existing practices in a sequence 
that accumulates the least cost transitions. It 
would make little sense, for example, to introduce 
flexible equipment before the block of practices 
surrounding narrow job functions had been 
removed. 

As a pedagogical tool, the Matrix of change has 
also been taught alongside alternative 
approaches to improve students comprehension 
of the change process in organizations. In 
particular, a more improvisational approach 
(Orlikowski and Hofman, 1997) emphasizes that 
change is incremental and that managers may 
need to revisit their preconceived plans as 
implementation proceeds and they encounter 
unanticipated obstacles. A learning approach 
(Leonard Barton, 1988) also emphasizes that the 
’’know-how” and ”know-why” of one group’s 
change plans and experience may need to be 
disseminated among satellite groups to 
streamline the change process and allow groups 
to adapt to one another’s modified behaviors. 
These alternatives nicely complement the Matrix 
of Change, which emphasizes the planning 
aspects of change management. 
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THE SUPPORTING SOFTWARE 

We have a working prototype of the software to 
support construction of the Matrix of Change and 
its use in teaching. 

We will demonstrate the software and make it 
available to interested participants at the 
conference. Several screen shots are presented in 
the appendix. We implemented the software 
using Visual Basic relying on the mostly object 
oriented features of version 5. The Matrix of 



Change software provides a standard MDI- 
interface and handles most operations by direct 
manipulation (like ‘drag and drop', ‘double- 
clicking' etc.). In terms of functionality the base 
release software offers support to draw the 
matrix and fill out its values as well as some 
sorting capabilities. These sorting capabilities 
allow users to sort the matrix according to the 
matrix-interactions. Furthermore reports of the 
matrix can be generated in Visio™. Online help 
will also be available. 



FIGURE 2 



A SCREEN SHOT FROM THE SOFTWARE IN USE 
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BEST COPY AVAILABLE 





The software can be obtained from the Matrix of 
Change web site: http://ccs.mit.edu/MoC. It will 
be offered for download in form of a ‘zipped’ 
archive that will have all the executable files 
necessary to start the installation procedure. The 
software does not require any network 
connection. It was developed with the assumption 
that users will have to be able to use it while 
being at a field site as well as in their offices. In 
addition people may want to use the tool to 
examine proprietary data, they would not want to 
share over the Internet. We therefore chose the 
approach of developing a down-loadable 
application as opposed to a purely web-based tool. 
The software will only run on 32-Windows 
platforms such as Windows NT™ and 
Windows95™. 

We are pla nnin g at least two major extensions to 
the current release: routing optimization and 

connections to a back-end database. The first 
extension will consider the possibility of 
optimizing the transition paths from the existing 
to target states to achieve a least cost or least 
disruptive path. The second extension will 
consider process specific knowledge captured in a 
large database of organizational practices 
[Malone et al. 1992]. Process specific knowledge 
might allow the software to automatically 
generate interference patterns in the matrix and 
enable the development of industry templates 
and allow for in depth studies in certain 
industries. 
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APPENDIX 



SCREEN SHOTS FROM THE MATRIX OF CHANGE SOFTWARE 

FIGURE A1 



$ Matrix Of Change 







STARTING UP THE MATRIX 
OF CHANGE SOFTWARE 

After Starting the Software an ’empty 
Matrix appears, in which every state 
has one default practice group with 
one practice. By clicking on the 
practice groups (respectively the 
practices) with the right mouse button 
new practice groups or practices can 
be added. 



FIGURE A2 

CHANGING 
THE NAME OF 
A PRACTICE 
(OR A PRACTICE 
GROUP) 

Double clicking on a 
practice group or a 
practice pops up a 
dialog box which 
allows to rename the 
practice group (respec- 
tively the practice). 
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FIGURE A3 



THE VIEW MENU 

The 'View-menu controls the display of the matrix and the application. E.g. the importance rating or the 
legend can be hidden (as in this screen-dump). 



^■•Matrix Of Change 



View 
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FIGURE A4 



BUILDING THE MATRIX AND ADDING THE IMPORTANCE RATING 

After adding a few Practices and naming them, the interactions can be assigned by simply clicking 

in the correct square (one click will make a plus sign appear, a second click will lead to a minus sign, a 
third click will clear the interaction). The Importance rating gets filled out by clicking with the right 
mouse button in an importance-rating field and choosing its value from the pop up-menu. 
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FIGURE A5 



THE COMPLETED MATRIX OF CHANGE 
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